Abstract. We present mid-infrared spectroscopic observations from Palomar observatory of the impact of fragment R of comet P/Shoemaker-Levy 9 with Jupiter on 21 July 1994. Low-resolution 8-13 ttm spectra taken near the peak of the lightcurve show a broad emission feature that resembles the silicate feature commonly seen in comets and the interstellar medium. We use this feature to estimate the dust content of the impact plume. The overall infrared spectral energy distribution at the time of peak brightness is consistent with emission from an optically-thin layer of small particles at ~ 600 K. Integrating over the spectrum and the lightcurve, we obtain a total radiated energy from the R impact of _> 2 x 102• ergs and a plume mass of _> 3 x 10 •a g.
Copyright 1995 by the American Geophysical Union. slit oriented parallel to Jupiter's equator and centered on the location of peak brightness measured at 4.5/•m. A total of eight complete 8-13 ttm spectra were obtained, beginning at 5:37 UT and ending at 6:45 UT. The first spectrum was taken immediately following the second precursor flash, the second just prior to the peak flux at 5:45 UT, and the remainder at intervals during the decay phase. Separate spectra taken of Callisto at 1:09 UT were used for absolute flux calibration.
Data Analysis
Each 10-second exposure spectral image was reduced by subtracting the off-Jupiter chopped image and removing bad pixels by interpolation; a slight tilt was removed by 'twisting ' the images so that the spectral lines were vertical in each spectral image. The wavelength scales were determined from telluric emission lines at known wavelengths in the sky frames for each wavelength segment. Because the airmass of the observations ranged from 2.65 to 5.92, extinction effects are substantial. From measurements of a region of Jupiter well away from the R impact site, we determined a wavelength-dependent extinction coefficient of 0.25-0.9 mag/airmass which was used to correct both the Jupiter and Callisto spectra for extinction effects. Except in the strong telluric ozone band between 9.3 and 9.9 ttm, this procedure yielded acceptably consistent spectra. In the absence of detailed modelling of both atmospheric and dust components, we simply describe the non-dust component of the spectrum (presumably due to CH4) with a power law and fit the observed Fx to the following model:
P0 F• -A,•[1-exp (-•'9.TQ(A)/Q(9.7))] B•(T,•)+ • (1)
where Q(,k) is the absorption efficiency, assumed to be that of interstellar silicate grains, rs.7 is the dust optical depth at 9.7/urn, and Aa is the solid angle of dust emission. In the optically-thin limit, Aa rs.7 is the total dust cross-section (in steradians) and is well-determined, al- 
Color temperatures
Ideally, we might hope to determine the evolving temperature of the impact site from the ratio of 3.2 to 4.5 pm fluxes shown in Fig. 1 of Paper I. However, the emission may well be optically thin, and dominated in the near-IR by molecular emission bands. This is especially likely to be the case at 3.2 pm, which is a region of strong methane absorption. Subject to this caveat, we have attempted to calculate color temperatures for the precursor flashes, using the measured peak fluxes at 3.2 and 4.5 pm from Fig. 1 as well is a strong argument in favor of our interpretation in Paper I that the main flux peak is due to emission from shock-heated re-entering ejecta, rather than from the plume itself, which is predicted to cool rapidly to space [Zahnle and MacLow, 1995] . Note that essentially all of this energy is received from the shock-heated re-entry phase; the flashes due to the bolide and plume, as interpreted in Paper I, contribute a negligible fraction of the total radiated energy. Equating the radiated energy to the kinetic energy of the descending plume, for an assumed vertical re-entry velocity of 12.5 km/s, we obtain a lower limit to the total plume mass of 3 x 10 •3 g.
